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Abstract 
Nutrition Education via Interactive Animated Storytelling Devices in Classroom 
Environments 
Gregory Christopher Ruane 	  	  	  
Childhood obesity has become an epidemic in developed nations and prevention 
in the form of education is one possible solution.  My proposed thesis will combine 
traditional storytelling methods and constructivist educational theory with a digital, 
interactive animation.  Through the interactive animation, a student is able to guide the 
central character through a story by making decisions at key points.  Upon completion, an 
instructor leads a classroom discussion encouraging students to reflect and expand upon 
the decisions they have made. 
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1. KEY TERMS 
BMI 
Body mass index; a measure of weight in relation to height. 
Compositing 
The manipulated combination of multiple source images to produce an integrated 
result. 
Constructivism 
A theory of learning based on the idea that knowledge is constructed by the 
student from reflecting on their own personal experiences. 
Direct Light 
Light that travels in a straight line from a source to a surface which it illuminates. 
Edutainment 
A form of entertainment designed to educate. 
Indirect Light 
Light that has been modified by other surfaces before illuminating an object. 
Overweight 
In adolescents, a BMI at or above the 85th percentile and lower than the 95th 
percentile for children of the same age and sex. 
Obese 
In adolescents, a BMI at or above the 95th percentile for children of the same age 
and sex.  
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Pipeline 
 A well defined set of processes to achieve a certain result. 
Rendering 
The process of creating two-dimensional images from a three-dimensional 
dataset. 
RenderMan 
Specialized rendering software from Pixar, Inc. 
Touch-screen Interfaces 
 Pressure sensitive visual displays that also act as an input device. 
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2. INTRODUCTION 
Over the past few decades, childhood obesity has become an epidemic and is now 
the most common nutrition disorder in all developed countries.  Approximately 70% of 
obese children grow up to become obese adults [1], suggesting that nutrition lifestyles are 
hard to alter once they have become established.  Overweight and obesity in childhood 
have been linked to various adult physical and psychological disorders such as 
hyperlipidemia, hypertension, infertility, and depression [1, 3].  
A 40-year follow-up study of overweight children revealed a higher likeness of 
cardiovascular and digestive diseases and suggested implementing methods for 
prevention at an early stage of life [2].  Nearly all public health officials agree that 
prevention is the best strategy for reducing the prevalence of obesity.  Nutrition 
knowledge amongst the general population is limited [4, 5], suggesting that traditional 
education programs have not been successful in educating the public on proper health 
practices. 
 Perhaps an effective way of raising public awareness about good nutrition is to 
offer a creative forum for telling and discussing health related stories.  Storytelling is a 
vehicle for transmitting complex concepts such as knowledge, culture, ethics, 
perspective, and varying points of view [8, 10, 11], and has been used in educational 
settings since 1830 [9].  The strength of oral storytelling resides in its interactivity and 
variability.  The introduction of print and film media have been unable to take full 
advantage of the inherent vivacity of interactive storytelling.  Furthermore, all too often, 
these forms of traditional media have locked the reader and/or viewer into the passive 
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role of that of a bystander or voyeur.  With new media technologies and concepts the 
vitality of traditional interactive storytelling can be fully utilized to raise awareness about 
the importance of healthy eating and fitness. 
Numerous studies demonstrate how computer animation can be a successful part 
of the education process, specifically in younger audiences [6, 7, 9, 15, and 16].  
Interactive animation is able to capture an audience’s attention better than textual content 
or static imagery alone [18], and the addition of interactivity allows for a more engaging 
experience overall.   Although commercial multimedia educational programs claim to 
teach children a variety of skills, many fail to appropriately structure the interactive 
requirements and rarely involve traditional instructors in the process [15].   
My thesis project builds on proven educational research regarding the value of 
traditional storytelling [9] and uses constructivist learning theory to integrate education 
and entertainment.  The interactive animated story that I will produce requires 
participation from the student to create an engaging experience without distracting them 
from the educational goals.  The proposed program will be designed for easy integration 
into classroom environments.  Through the design and production of an interactive 
animation that allows the viewer to influence the storyline, I will provide a resource that 
can be used to educate children on the benefits of a healthy lifestyle in an engaging and 
dynamic atmosphere. 
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3. BACKGROUND INFORMATION 
 Constructivism is an educational theory based on learning through experience, 
and continually builds upon a pre-existing framework of knowledge.  New discoveries 
are reconciled against previous experiences, and in this way we are actively creating our 
own knowledge of the world [12].  In order to best accomplish this, humans must 
continue to question and explore.  Constructivist theory is commonly used by teachers 
who ask their students how a specific activity is helping them understand a broader 
problem.  These prompts force students to continuously reflect on their experiences and 
strategies, perfecting the process of learning as they go.  Throughout the process, the 
teacher’s primary role is to act as a guide and keep the students focused.  Sesame Street 
did this with the inception of Muppets.  After some research, they realized that a 3-year-
old’s attention span began to decline towards the final 15 minutes of their hour-long 
show.  To combat this they introduced Elmo’s World, a recurring segment that was 
targeted specifically to this audience.  It was hosted by a Muppet named Elmo and 
focused on a child-centric topic from the point of view of a 3-year-old [13].  It featured 
the same style of educational content but sustained a more uninterrupted narrative than 
the rest of the show.  Figure 1 shows a frame from an episode of Elmo’s World [38].  In 
this segment, Elmo prompts the audience to count the number of times a computer 
animated bongo player hits his drums. 
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Figure 1: Elmo guides the audience through a lesson in counting. 
 
 
 
 The benefits of constructivism theory in education are clear, but effectiveness is 
based on three primary principles developed by Jerome Bruner.  These principles offer 
guidelines for both content and system design [19]:  
• Instruction must be concerned with the experiences and contexts that make the 
student willing and able to learn. 
• Instruction must be structured so that it can be easily grasped by the students. 
• Instruction should be designed to facilitate extrapolation and or fill in the gaps. 
 
 Translating theory into practice is partly dependent on the development of 
technology built with pure constructivist theory in mind.  Hypermedia environments that 
allow for non-linear learning such as multimedia and the internet represent new 
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technologies which foster constructivist learning principles [12].  These environments 
offer unique storytelling structures that can offer multiple representations of reality and 
facilitate a more active construction of knowledge by students. 
 The immersive technologies used in multimedia learning can present an overload 
of information that exceeds a learner’s capacity for cognitive processing.  This concept 
was researched further in a 2003 study done by Richard Mayer and Roxana Morena, in 
which nine strategies for reducing the cognitive load in multimedia learning were 
developed [17].  The nine strategies are summarized in table 1, adapted from the original 
tables presented by Mayer and Moreno. 
 
 
 
Table 1:  Cognitive load-reduction techniques. 
Essential processing in visual 
channel > cognitive capacity of 
visual channel 
Off-loading Move essential processing from visual channel to auditory channel 
Essential processing (both 
channels) > cognitive capacity Segmenting 
Allow time between successive bite-size 
segments 
 Pretraining Provide pretraining in names and characteristics of components. 
Essential processing + incidental 
processing > cognitive capacity 
(extraneous material) 
Weeding Eliminate interesting but extraneous material 
 Signaling Provide cues for how to process the material 
Essential processing + incidental 
processing (confusing 
presentation) > cognitive 
capacity 
Aligning Place printed words near corresponding parts of graphics to reduce need for scanning 
 Eliminate Redundancy 
Avoid presenting identical streams of printed 
and spoken words 
Essential processing + 
representational holding > 
cognitive capacity 
Synchronizing 
Present narration and corresponding animation 
simultaneously to minimize need to hold 
representations in memory 
 Individualizing Make sure learners possess skill at holding mental representations 
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 This study’s research is based on three cognitive science assumptions about how 
the human mind works [17]: 
• The dual channel assumption states that humans possess two different information 
processing channels for verbal and visual information. 
• The limited capacity states that each channel has a limited amount of processing 
capacity. 
• The active processing assumption states that learning requires substantial 
processing in both the verbal and visual channels. 
 
 Through the development of these nine cognitive load-reduction methods the 
authors develop three types of cognitive demands:  essential processing, incidental 
processing, and representational holding.  Essential processing refers to cognitive 
demands required for making sense of the presented material.  This form of processing 
represents the majority of work done by learners and is essential to reaching educational 
goals.  Incidental processing refers to cognitive demands that are not required for 
understanding the material but have been included by the designer such as background 
music.  Representational holding describe situations in which the learner is required to 
hold a mental representation in working memory over a period of time. 
 The nine techniques for reducing cognitive load that are presented in this study 
help to validate the choice for a heavily structured interactive environment.  Cognitive 
overload is a common occurrence especially in multimedia learning.  It is important to 
address all possible scenarios in which cognitive overload may detract from the 
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interactive animation's story and message.  Low cognitive requirements help ensure that 
educational goals can be met and the full potential of the interactive animation is reached. 
The Sesame Workshop was founded in order to investigate whether entertainment 
media could be used to educate children [13, 14].  The product of this investigation 
resulted in the very successful television program Sesame Street.  With a run of over 40 
years it is the longest running children’s program in television history.  Because of its 
success, there is near universal agreement amongst researchers that television can be used 
for educational purposes [14].   
The success of the program can be attributed, in part, to its dedication towards 
producing quality educational content in conjunction with media production.  In order to 
achieve this, Sesame Street adopted the educational philosophy of constructivism.  
Constructivism is the theory that humans generate knowledge from the sum of their 
experiences.  In the case of Sesame Workshop and educating children, this meant 
providing the tools for children to actively explore their environment in a structured and 
systematic way.   
Ensuring students stay focused and reflect upon their decisions, instructors play a 
key role in any constructivist teaching design model.  Research has shown that 
technology based instruction is greatly improved when supplemented with additional 
instruction and off-computer activities [18].  That is not to say that the lessons are 
irrelevant without an instructor present, but rather the instructor can push a student’s 
cognitive abilities further than the technology alone.  Technology alone is not an 
adequate substitute for an instructor.  In the example of Sesame Street and broadcast 
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television, an instructor who could monitor a student’s progress was not an option.  
The Sesame Workshop was forced to settle for puppets called Muppets that attempted to 
take the place of a traditional instructor.  Recently a popular Muppet named Cookie 
Monster began to advocate a healthier style of eating, rather than snacking on unhealthy 
options like cookies.  Sesame Street chose to rework Cookie Monster’s message rather 
than replace the character with one that was more appropriate.  This suggests that the 
character has been able to develop an important relationship with viewers and created a 
lasting appeal that has become more valuable than the message itself [8].  The interactive 
animation that I am proposing will make use of both physical and digital instructors. 
Sesame Workshop later developed a prototype interactive DVD program.  The 
goal was to question whether or not a stand-alone DVD player could provide enough 
control for a child to create their own version of Sesame Street by selecting the order in 
which segments appeared.  Results concluded that children were accepting of the mix of 
viewing and interacting and appeared very comfortable when transitioning between 
modes [14] 
Because of the target audience of Sesame Workshop, a large portion of its effort 
was spent on usability and interface.  Motor skills are not fully developed, so interactive 
“hit areas” needed to be larger than normal.  Text-based interfaces also would not work in 
many of the instances because children could not read or write.  Studies also found that 
exploration and curiosity are the primary motivators of children, which means scoring 
points and beating the game are not important.  Timed tasks often provided more stress 
than excitement. 
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The success of the Sesame Workshop has proven that education can integrate 
with traditionally entertainment-centered media.  The Sesame Workshop experience 
helps to inform my thesis by validating constructivist learning theory, the usage of 
animated characters as replacements for instructors, and various usability and interface 
strategies. 
 Dr. Shalom Fisch has done research on the effectiveness and relationship between 
educational software, television, and magazines.  Fisch states that differences between 
media can be categorized either as format issues or content issues.  Content issues are 
generally shared but format issues vary largely between media [16]. 
In examples of interactive programs and games where the storyline heavily 
depends on the child’s input, parental support is required.  Television is able to reduce the 
role of the parents because there is more structure and the decisions made by children 
have less of an impact on the overall completion of the program.  In these cases the role 
of adults is simply to extend the learning after the child is done experiencing the program.  
The structural benefits of television are countered by its pacing.  An interactive animation 
delivered via the web or CD-Rom provides a self-paced feature that involves the child 
and puts them in control of the story.  Children can spend as much time as they want on a 
specific portion of the story, which can reduce the cognitive demands of processing the 
content. 
 With interactive programs there are greater consequences if the viewer does not 
understand the message.  In print or television programs, the story will continue and the 
viewer can often catch up or benefit from the remainder of it.  If progress is dependent 
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solely on user input, it can quickly come to a halt if the viewer misunderstands some 
element of the program.  Presenting a simple message and offering a low level of 
interactivity is important to ensure the child can complete the program alone and with 
minimal problems.  Interactivity must be structured to provide predictable outcomes.  
This allows the parent or instructor to spend their attention on building upon the material 
in other ways, rather than navigating the program for the child. 
 Fisch also discusses the effectiveness of authoring tools for interactive media.  
Providing a child with the tools to create an enduring multimedia project of their own can 
help to involve parents in the process.  The act of creating can provide strong motivation 
for the child to continue learning as well as offer a reward for the completion of the 
program.  The challenge lies in presenting a system that allows for authoring, but is 
capable of being operated by the child without adult involvement. 
 Fisch's study shows how the strengths of other media can be leveraged in an 
interactive animation.  The program will feature a heavily structured decision making 
process which allows the child to drive the story without giving up too much control.  
This structure ensures a favorable outcome will be presented and it also turns the child 
into a media producer.  Once the learner has experienced the interactive animation, she 
will have a tangible result from the educational experience that can be referenced at a 
later date or shared with peers.  
In 2003, Donna Gibbs and Susan Roberts tested to what extent entertainment 
media could be used for education.  In their study, children interacted with several 
educational media programs while researchers recorded keystrokes and audio responses.  
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In these examples the children appeared to enjoy interacting with the programs, but 
learned very little in terms of content [15]. 
Results from the study showed that all children observed needed the research 
assistant’s support to understand the tasks of each game.  Children reacted positively to 
humorous or unexpected events as well as when scenes changed or a new level began.  
Often times the children relied on the help of the research assistant to determine the next 
step in the process, which indicates the software was not doing an adequate job of 
directing the viewer. 
 Overall the children did learn some things but their experience did not match the 
marketing claims of the software packages.  Games which yielded too much control and 
decision making power were less successful than more structured ones.  Programs that 
were too ambitious in terms of educational goals were also unsuccessful.  Humor, 
surprise, and relatable character guides proved to be more engaging for children. 
For these reasons the interactive animation proposed must be structured so that 
progress is not dominated by the user.  Children should not require the help of an 
instructor to complete the program, since direction should be provided intuitively through 
the software.  The interactive animation will also focus on the presentation of basic 
knowledge, with opportunity for expansion with the help of an instructor in a more 
traditional educational atmosphere.  These concepts help to ensure that all educational 
goals are met. 
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4.  APPROACH 
Successful multimedia education programs, such as Sesame Street, set a high 
standard for all future multimedia-based educational initiatives.  Based on previously 
discussed research, success relies on achieving the following goals: 
• Encourage learning through experience and curiosity 
• Discourage time-based, stress inducing interactivity 
• Provide structured interactivity to facilitate preferred story resolutions 
• Integrate easily into a classroom environment 
• Encourage the spread of knowledge outside of a classroom environment 
 
4.1. EDUCATIONAL DESIGN 
The educational design for my thesis is derived from traditional storytelling 
devices.  As such, the goal is an instructive moral or belief, as opposed to memorization 
of facts and abstract concepts.  A prototype lesson plan was created in order to educate 
learners about the impact of nutrition-related decisions in their daily lives.  The lesson 
plan features an interactive animation that documents the daily routine of Carob, a 
monkey who lives on the inside of a tree trunk in a fantasy forest.  The animation utilizes 
a distinctive form of interactivity; the ability to seamlessly transfer the learner between 
active and passive roles at predetermined intervals.  First, passive interaction has the 
learner watch a pre-rendered sequence of animation that is used to build momentum and 
drive interest in the story and provide background information.  Then, at key portions of 
the story, the animation will pause and the learner’s role becomes active.  A nutrition-
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related scenario is presented and the learner is required to decide between the better of 
two options.  After a decision is made, the learner’s role shifts back to passive and the 
application selects the next pre-rendered sequence to play based on user input.  This 
simple structure and style of presentation is what makes storytelling a successful 
educational device, because complexity does not distract from the overall lesson.  The 
accessibility provided in this model translates well into educating children, since their 
succinct message gives educators freedom to expand upon them in constructivist teaching 
environments [13]. 
 
	  
Figure 2: Overview of learner roles. 
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The portions of the interactive animation that require an input from the learner 
are defined as decision points.  At decision points, learners are asked to select between 
two options that alter the narrative and have unique effects on Carob’s actions.  Decision 
points are designed to more actively involve the learner and offer them the opportunity to 
determine the actions of Carob. The variability of this interaction allows learners to 
influence and personalize the story, helping them to identify with Carob and receive a 
more distinct connection. 
Decision points also represent opportunities to educate the audience on proper 
health and nutrition habits. The 2010 Dietary Guidelines for Americans [32] were 
consulted in developing which lessons to teach.  This document was published by The 
Department of Health and Human Services and the Department of Agriculture to provide 
advice on proper dietary habits and serve as a starting point for all federal food and 
nutrition education programs.  Using health and nutrition recommendations from the 
Dietary Guidelines, decision points were created and arranged to form story tracks.  A 
story track consists of three decision points that build on each other in terms of impact 
and importance.  Figure 3 demonstrates three example story tracks. 
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Figure 3: Three proposed story tracks. 
 
 
 
The proposed decision points and their corresponding tracks were selected based 
on a combination of relevancy to nutrition education and value from a storytelling 
perspective.  Similar to the morals taught in storytelling, the most relevant story track 
should teach broad lessons that can be redefined and reapplied with further classroom 
discussion and personal reflection.  Ideal decision points are easily relatable to learners 
and offer room for expansion in constructivist learning environments. For these reasons, 
decision points that overlapped conceptually were combined to create fewer, more robust 
versions.  The final story track used in production was a combination of the three 
previously listed:  comparing and categorizing foods, staying physically active and 
limiting screen time, and portion control. 
It is important for the decision points within a story track to progress naturally and 
build upon each other.  All decision points were selected because of their importance in a 
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broader health and nutrition education curriculum, and no individual point was deemed 
more or less valuable.  Since all points carried the same weight, their position within the 
story track was dictated by the chronological progression of the narrative. 
The decision points used in the interactive animation are placed in a context that is 
intended to demonstrate tangible, concrete concepts.  In order to most effectively achieve 
this goal, Carob’s story needed to be identifiable to a young child.  Familiar concepts 
such as snack-time, dinner-time, and play-time were used as vehicles for delivering 
important information.  Figure 4 demonstrates the final story track and its proposed 
narrative link. 
 
 
 
	  
Figure 4: Final story track used in production. 
 
 
 
Learners are not measured implicitly on the outcome of decision points, as they 
would be with a multiple-choice question on a standardized test.  Upon completion of the 
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interactive animation, learners are encouraged to reflect on the decisions made and the 
consequences of those actions.  Discussion between classmates is encouraged with 
emphasis on the nutritionally sound option from the instructor.  Once the instructor has 
led an appropriate level of class discussion, the animation can be played again to explore 
other options.  Displaying the animation again shows the learners the entire scope of their 
decisions and the impact in which they made on the story.  This continues the adaptive 
construction of knowledge. 
 As previously discussed, technology alone cannot replace an instructor’s presence 
and there are established benefits to pairing off-screen activities with multimedia learning 
[18].  An instructor’s primary role within the prototype lesson plan is to act as a 
facilitator for learner reflection and discussion.  Since a learner’s level of cognitive 
development is variable, some learners are more capable in self-guided learning and do 
not require as much involvement from a traditional instructor. 
 
4.1.1. DEMOGRAPHIC RESEARCH 
There are no firm guidelines to reference in designing technology with the 
primary goal of supporting cognitive development in young children.  The majority of 
research in this area has focused on older children and adults, since younger children are 
at a period of rapid growth in cognitive abilities.  However, theories of cognitive 
development have demonstrated that an appropriate multimedia application has the 
potential to enhance the skills learned in traditional settings [20].  As such, an educational 
multimedia application must be based on traditional educational principles and adapted to 
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work with new technologies. 
 Jean Piaget’s Theory of Cognitive Development is used as a basis for determining 
the appropriate age demographic.  According to Piaget, cognitive development can be 
interpreted as changes in knowledge structures [21].  Knowledge is organized by the 
individual into schemes made up of physical actions, mental operations, concepts, or 
theories.  Throughout cognitive development, new schemes are created and existing 
schemes are restructured through the processes of organization and adaptation.  
Organization suggests that new schemes can be integrated into existing ones creating a 
more complex structure.  Adaptation refers to the process of changing existing schemes 
to fit a larger environmental change, or by molding new information to fit into an existing 
scheme.  In this way the child is actively processing and reorganizing information from 
the environment to maintain equilibrium. 
 A child's mind is able to adapt to its environment either by assimilation or 
accommodation.  Assimilation involves applying existing knowledge to interpret the 
external environment.  Accommodation occurs when existing knowledge does not fit 
with the environment's structure and therefore must be reorganized into a new knowledge 
scheme.  These two processes form the basis of a child's ability to reverse mental actions 
and move through a set of elements [22]. 
 In studying how a child's mind learns and grows, Piaget was able to outline four 
stages of development that all children go through sequentially.  His Theory of Cognition 
states that, before a child can learn certain skills, the underlying cognitive structures that 
support those skills must be developed.  As a result, each child travels through the four 
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stages in a strict order.  Not all children will move from one stage to the next at the 
same age, but the order in which they travel is universal.  An overview of the four stages 
is illustrated in Table 2: 
 
 
Table 2:  Four stages of cognitive development. 
Stage Age 
Sensori-motor 0 – 2 years 
Pre-operational 2 – 7 years 
Concrete operational 7 – 11 years 
Formal operational 11 + years 
 
 
 
 The theories developed by Piaget help to inform the design of an educational 
multimedia application.  Storytelling requires a child to have sound reasoning skills, 
understand cause and effect relationships, and mentally process a chain of events.  
According to Piaget, these skills are developed during the transition between the pre-
operational and concrete operational stages, or approximately age seven.  At this point in 
cognitive development children begin to acquire the skills necessary to think about 
objects that are not physically present in the world.  They are using language to 
communicate and engage in imaginative or “pretend” play.  Because of this, children 
around the age of seven are beginning to distinguish and make connections between 
fantasy characters from a story and characters in real life; effectively understanding the 
concept of symbolism.   
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It is important to note that this stage of development requires the use of 
concrete examples and imagery.  My project addresses this by avoiding reference to 
intangible items such as vitamins, proteins, and nutrients, which have no existing 
knowledge scheme and are too abstract to ensure favorable educational outcomes.  Due to 
the complexities of the subject matter and the presentation of computer generated 
imagery the most ideal demographic would be students who are further along in the 
concrete operational stage.  Learners capable of self-guided study are not restricted by the 
instructor’s presence.  They can complete the interactive animation individually and 
possess the cognitive development to appropriately reflect on their decisions.  All 
children enter and exit the stages at different ages, so my thesis leverages the capabilities 
of a physical instructor to make sure all students are following along at an appropriate 
pace.   
 Any action that is carried out in the mind such as combining, reordering, 
separating, or recombining elements is known as an operation.   As children reach the 
concrete operational stage, they are now able to reverse or manipulate any action 
(operation) mentally.  A child in the pre-operational stage would be able to physically put 
objects in a row, move them around, and then move them back.  A child who is further 
along in terms of cognitive development is able to perform all of these actions mentally 
[20].  In terms of non-linear storytelling, this concept is an important foundation for many 
other skills, since children will need to mentally manipulate elements via combining, 
ordering, separating, and recombining. 
 Another Piagetian concept that develops around this stage of development is 
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decentration.  In previous stages, children have a difficult time identifying other points 
of view; they believe that other viewers see exactly the same view as they do.  The three-
dimensional aspect of computer graphics lends itself perfectly to teaching children the 
concept of physical spaces from multiple viewpoints.  Decentration is important because 
the audience must be capable of projecting their decisions onto the actions of the main 
character, where consequences may not necessarily directly affect the child. 
 Piaget's theoretical framework has provided some guidelines for the design of an 
educational multimedia application [20, 23].  In summary, children at this stage in 
development are able to: 
• Understand the concept of symbols and their association to real-world objects. 
• Consider cause and effect relationships in concrete examples. 
• Reverse think and mentally manipulate story elements. 
• Think through a chain of events. 
• Classify objects and concrete ideas. 
• Utilize decentration skills by providing control of narrative. 
• Identify varying points of view through visual cues. 
• Learn from experimenting with changes of state in a way that explains the 
differences. 
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4.1.2. STORY REFINEMENT 
 The story mechanics presented in this project have been refined through 
researching educational theory and examining other multimedia applications, however 
content of the narrative is still subject to change.  In order to accurately connect with the 
intended audience, additional refinement and community-based input would be required.  
This project offers a storyline to act as an initial prototype for a future refinement 
process.  Refinement would include testing with the intended audience and applying 
feedback as necessary to ensure the narrative used the most impactful scenarios for 
learners. 
 
4.2. SYSTEM DESIGN 
In order to meet previously stated educational goals, the interactive animation 
requires a story structure that allows for user interaction while maintaining control of the 
overall narrative.  The simplest and most common form of narrative follows a linear path 
and is completely scripted by the producer.  The linear path can easily utilize traditional 
storytelling techniques, which have been developed and refined over thousands of years, 
but offers no user interaction. 
Branching narratives add decision points at various places in the story, which 
splits the primary story arch into several smaller versions.  This type of narrative allows 
for user interaction but also has a tendency to deviate too far from the original story arch 
as branches continue to split.  The narrative becomes overly complex and introduces 
uncertainty in terms of educational goals.  The ideal narrative structure is a combination 
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of linear and branching known as parallel paths [35].  A parallel paths narrative 
features a branching narrative that recombines into a linear structure at strategic intervals.  
This type of narrative was chosen for my thesis animation because it allows for a 
manageable level of user interaction while stile controlling the story resolution. 
 
	  
Figure 5: Visual depiction of story structures. 
 The interactive animation begins and ends the same regardless of the user’s 
decisions, although the path in between can vary greatly.  The application is structured 
this way for three reasons.  First, it allows for the outcome to be predictable and ensure 
educational goals are met.  Second, it keeps cognitive requirements for learners low 
because they are not deciding the outcome of the entire narrative; only influencing 
Carob’s actions on a smaller scale.  Third, it keeps the production of this project within a 
manageable scale.  In a parallel paths narrative, decision points naturally divide the 
storyline into sections.  Demonstrated in Figure 4, the periods of content segmented by 
decision points offers a logical starting point for learner reflection.  As the user’s 
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decisions are made at predictable intervals, instructors are easily able to expand on the 
learner’s process.  This allows for discussions that occur in context with the story and can 
help to ensure that all members of the class are operating at the same level.  Upon 
conclusion of the interactive animation, the instructor can expand on the story itself and 
the learner’s decision-making process for each step of the story. 
 
 
	  
Figure 6: Narrative structure dividing content into segments for learner reflection. 
4.2.1. INTERFACE DESIGN 
 The interactive animation requires learners to easily select their intended choice 
of two presented options by clicking on the appropriate target.  Past studies have 
documented the primary concerns in designing interfaces for children’s multimedia 
applications that utilize traditional mouse controls [33] as well as touch-screen devices 
[34].  Unsurprisingly, children are slower and significantly less accurate than adults with 
point-and-click mouse activities.  Visually smaller targets result in decreased accuracy, 
however the distance from current mouse position to target has no significant effect [33].  
Touch-screen devices face similar struggles that are amplified due to limited screen 
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space. 
Both studies suggested using large and visually distinct targets to increase accuracy 
and avoid frustration for learners.  The downside to increasing the size of targets for most 
multimedia applications is that they begin to take space away from authoring tools, more 
options, and other extraneous activities.  Due to the concise presentation style of decision 
points, screen space is in abundance.  As a result, the entire screen is split into two large, 
clearly recognizable targets (as shown in Figure 7).  This simplifies the visual 
presentation of information to the bare minimum required for learners to provide input 
and the application to continue functioning as desired. 
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Figure 7: Demonstration of hit area in decision points. 
4.2.2. CONTENT DELIVERY AND CLASSROOM INTEGRATION 
 An additional requirement of the interactive animation was seamless classroom 
integration.  Implementation must be possible for instructors with varying levels of 
comfort when dealing with technology so as not to restrict its usage.  To resolve this, the 
interactive animation is packaged into a single executable file that contains all of the 
necessary digital assets.  The application can be run on both Macintosh and Windows 
operating systems and no additional setup or software is required.  For instructors that 
prefer to work with web-based delivery systems, the application can be hosted on a 
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website in Shockwave format.  This feature requires the Adobe Shockwave Player 
plug-in, which is free from Adobe’s website and easy to install. 
 The application’s unambiguous structure and concise visual design allows for 
portability to other platforms, including mobile devices that utilize touch-screen 
interfaces.  Touch-screens enable a user to interact directly with the display, rather than 
relying on traditional input devices such as a mouse or keyboard.  They are available in a 
wide variety of commercial systems that can be mounted over a computer monitor or 
projected onto specifically designed hardware.  In recent years, touch-screens have 
become more common in smartphones and tablet computers and are slowly becoming a 
more attractive option for classroom use. 
 Touch-screen interfaces may be capable of offering a more dynamic method of 
input, however their presence is not seen as a requirement for experiencing the interactive 
animation.  The problem with focusing the delivery of the proposed educational program 
through only smartphones is these tools promote individual learning.  Although touch-
screens offer an interface that is more capable of facilitating play and exploration [26], 
numerous studies indicate that children prefer working in groups around a single station 
as opposed to individual ones [28, 29, 30, 31].  This environment of collaborative 
learning fosters social support, interaction and self-instruction within the group dynamic 
[27]. 
 In light of these shortcomings, I suggest the integration of touch-screen 
technology through an interactive whiteboard called the Smart Board.  The Smart Board 
acts as a standard whiteboard but allows for touch input in the same way a mouse or 
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keyboard would do on a normal computer.  Content is projected onto the board, and 
users can interact using their hands or a digital stylus.  This solution is more cost 
effective than individual touch-screens, and capitalizes on the benefits of collaborative 
learning that storytelling fosters.  In learning environments where a Smart Board already 
exists, it could easily be integrated into a lesson plan designed for the proposed 
multimedia application.  The previously discussed executable files will run on a Smart 
Board with no additional setup. 
 
4.3. CONTENT CREATION 
Educational goals, target audience, story structure, and production timelines all 
influenced the artistic and technical decisions that make up the content presented within 
the interactive animation.  Content creation focused on developing a narrative that could 
be used as a vehicle to transfer knowledge in an interactive format and facilitate further 
classroom discussion.  While the creation of unique computer graphics is a time-
consuming process, one benefit is that all content is developed from the ground up.  As a 
designer this allows the flexibility to create unique content that is specifically targeted 
towards reaching the intended educational goals.  In developing content for the 
interactive animation, specific artistic (visual style) and technical (production efficiency) 
decisions were made based on previously defined educational requirements and delivery 
methods. 
 
4.3.1. VISUAL STYLE 
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The popularity of cartoon imagery in a child’s life was leveraged in order to create a 
visual style that is easily identifiable and known to be well-accepted by the audience.  
The only character in the interactive animation is a young, monkey-like one named 
Carob.  Carob is visually identifiable as a monkey although his proportions have been 
adjusted and he operates as a bipedal creature full-time. Proportion and posture changes 
were made in order to create a character that moved more similarly and felt closer to that 
of a human, demonstrating the relationship between the learner’s decisions and Carob’s 
actions.  Carob’s design also features long, oblong eyeballs and pronounced brows for 
use in creating a wide range of expressions.  For storytelling purposes, Carob possesses 
the dexterity and appendages that allow him to grab and manipulate objects like a human. 
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Figure 8:  Screenshots of Carob. 
 
Using a monkey as a template for the main character also offered some visually 
interesting options for the environment design.  The external environment is based 
loosely off of a jungle, and favors a mythical visual style commonly found in many fairy 
tales and cartoons.  In order to compliment the imaginary jungle and provide an 
identifiable reference point for learners, the inside of Carob’s home was used as the 
environment for most of the interactive animation.  Carob’s tree-house design went 
through numerous iterations, but was eventually integrated into the trunk of a large tree in 
the jungle.  This design choice internalized the home environment and more closely 
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mimicked one that a human would occupy, in contrast to the open-air feeling of typical 
tree-house designs.  The interior of the tree-house is a practical design, which provides an 
intrinsic connection to the living environment of learners. 
 
 
 
	  
Figure 9:  Screenshots of the environment and tree-house. 
 
 
 
4.3.2. PRODUCTION EFFICIENCY 
 The interactive animation is approximately four minutes of computer-generated 
animation, produced individually over a five-month period.  Numerous technical tools 
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and processes were used in order to streamline production, overcome obstacles 
introduced by narrative, and meet considerable production demands.  Many of the early 
production concerns of environment scale and variation were resolved through 
proceduralism.  Proceduralism refers to content that is generated algorithmically rather 
than manually for the sake of efficiency.  Instead of modeling a large number of unique 
trees for the jungle, a network was constructed that used a simple curve as an input and 
applied a predefined set of modeling procedures to create the final tree geometry.  
Changes made to the input curve would be passed through the rest of the network and the 
final geometry would update as appropriate.  By making quick adjustments in the shape 
of the initial curve, a library of unique tree models could be produced with relative ease.  
Proceduralism was similarly applied to the process of texturing, or adding color and 
texture to computer-generated models. 
 
	  
Figure 10:  Creation of tree geometry from simple curve. 
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 Another challenge introduced by narrative dealt with managing the lighting and 
shading of multiple sets.  The interactive animation featured four primary sets: the jungle, 
the tree-house exterior, the tree-house first floor interior, and the tree-house second floor 
interior.  Virtual lights were set up for each set to simulate direct light from real-world 
sources such as the sun.  Using this strategy to simulate indirect lighting would involve 
significantly more virtual lights.  This is not only more time-consuming for the artist but 
also more costly in terms of computation time during the rendering phase.  Instead, point-
based global illumination using Pixar’s RenderMan was used to accurately approximate 
realistic lighting effects.  This technology requires minimal set-up and is relatively less 
expensive to render than other methods. 
 Once 3D production is complete, a sequence of 2D images is rendered from the 
3D application.  The 2D images are compiled in a 2D compositing application and 
additional corrections are made before the final animated sequence is created.  Where 
applicable, editing is done in 2D as opposed to 3D, which offers a significant cost-
reduction in computation time.  Because of the strict production schedule, re-rendering 
sequences from the 3D application to correct problems or make changes was not a 
realistic option.  Instead, artistic adjustments were done further down the pipeline using a 
2D compositing application. 
 To get the most value out of 2D compositing, the production also featured multi-
pass rendering.  Multi-pass rendering separates major elements within a 3D scene such as 
characters, background elements, and foreground elements and renders them separately.  
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These separate elements are adjusted in the compositing application independently and 
recombined later, providing the artist with a higher degree of control and benefiting from 
the speed increases of working in 2D.  An example of this process is demonstrated in 
Figure 5, where 3 individual passes are individually color corrected and recombined to 
create the final composite.  Once the final composite has been created, additional color 
correction and adjustments are made in order to further sell the integration of multiple 
elements. 
 
 
 
	  
Figure 11: Individual passes used to create the final composite. 
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5. LIMITATIONS AND FUTURE RESEARCH 
The research described here was done to produce a positive outcome; however, 
there are known factors that may limit the success of this project.  Nutrition habits are 
developed through individual preferences, but are strongly influenced by cultural, 
societal, religious, economic, and environmental factors.  Powerful external forces are 
capable of influencing personal decisions and at times are capable of overwhelming 
physiological regulatory mechanisms that keep weight stable [24].  Due to the complexity 
of the subject matter, outcomes of obesity prevention programs are varied amongst 
participants and limited in long-term benefits [25].  Although numerous factors may 
affect the nutrition choices of an individual, caloric intake and expenditure are still the 
primary modifiable factors associated with weight loss treatment and healthy living. 
The interactive animation presented here can be considered a prototype for 
additional and more robust studies.  Additional research would be necessary, however the 
design and structure of this project could feature varied storylines or different subject 
material with little modification.  Future projects may also find additional benefits from 
character customization.  The interactive animation could allow for learners to select 
between preset character templates, provide unique names for the character, and add 
custom enhancements or accessories.  This process could produce an additional feeling of 
ownership for learners, but was outside the scope of this production. 
While some production operations like modeling and lighting were optimized 
through technological improvements, areas such as character animation required a 
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disproportionately large amount of attention.  Character animation was extremely 
influential in developing the relationship between learners and Carob, and as such 
became a time-consuming process.  Future projects could benefit from additional 
research in creating a more modular animation pipeline.  Video games commonly achieve 
this through the use of preset animation cycles or motion capture, which get reused 
throughout the program. 
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6.  CONCLUSION 
In this thesis, new possibilities in nutrition education have been addressed by 
utilizing a combination of nonlinear storytelling techniques, constructivist learning 
theory, and contemporary computer graphics. We explored the following design 
choices that show individual success and in cooperation lend themselves to a broader 
conversation in multimedia-based education: 
• The dynamic, yet controllable interactivity provided by a parallel paths 
storyline. 
• The conceptualization of decision points as a method for introducing 
educational content into an entertaining multimedia application. 
• The creation of story tracks, used to organize decision points and provide an 
educational structure for the interactive animation. 
• The usage of a concise presentation style to avoid platform limitations and 
offer compatibility with future technologies. 
• The implementation of contemporary 3D computer-graphics into an 
educational, multi-media based application. 
 
This study began as qualitative, however the design and research completed 
here provide a template for an in-depth, rigorous quantitative study.  Testing the 
efficacy of the interactive animation in a true classroom environment was outside the 
scope of this thesis; however the development here provides a usable application that 
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is ready for future quantitative testing.  Proper testing will improve and expand the 
system capabilities, further addressing the needs of both learners and future nutrition 
education programs. 
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APPENDIX A: STORY FLOWCHART 
 
 
 
 
